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I N T K O D U C T I O N  
Successful development of American chestnut ( Castanea dentata) hybrids 
that arc resistant to chestnut blight (Cryphonectriaparasitica) will require 
i~lforn~at io~l  about methods for effective and economical reintroduction 

ktgure I .  Natural understory vegetation on plots with the full canopy treatment consisted of 

scattered tree seedlings and sprouts that averaged 3 to  4 feet tall. The observer's left hand 

indicates height of a planted American chestnut seedling that has attained about half the height 

of a nearby red maple sprout (right hand) in four years. Heights o f  chestnut seedlings receiv- 

ing the tree shelter treatment, in the adjacent row, were about the same as seedlings with- 

out shelters. 
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of this species in forests of the southern Appalachian Mountains (Boucher 
2000)  Arnerlcan chestnut regenerates naturally from seedlings that 
become established and gradually accunlulatc beneath a closed tree canopv 
(Paillet and ]<utter 1989, Rlllo 1998)  Chestnut seedlli~gs on  a partiallv 
shaded forest floorgradually develop well-established root systems through 
successive sprouung and dieback episodes, and eventually will inltiate rapid 
growth upon receiving addiuonal I ~ g h t  resulting from disturbance in the 
overstow canopy (B~l lo  1998, Palllet 2002)  

Planted sccdlrngs can be an effective and inexpensive method of  estab 
llshing bllght resistant Amerlcan chestnut secdlli~gs on  forested sltcr 
(IU~nger 2002)  L~ t t l e  ~nformatlon 1s available, however, on  establ~shlng 
seedl~ngs on a forested slte and parucularly sumval and growth ofseedlings 
that recelvc no follow up maintenance T o  obtaln such ~nforination we 
designed ,I study to deternxne sun~lval and growth ot  planted Amer~can 
 hes st nut seedllngs ~n relation to  overstory canopy cienslty Our  secondarv 
objective was to  deterrnlnc lf seedling survival and growth are influenced 
by cultural treatments applled at t ~ m c  ofplantlng Our's was a pllot studv 
that will help us to plan and conduct a larger, more intensive study 

METFTOlIS 
T h ~ s  studv wa5 made in the Bent Creek Exper~mcnt'~l Forest, located In 
the Plsgah Natlonal Forest, about 1 0  mlles sout11west of Ashev~lle, N C  
We follo\ved methods outllned by Ruttcr (1992)  to produce \eedl~ngs 
from nuts ofAmer~can chestnut Rrlefly, we obtained about 200 nut5 111 

March 1998 and ~ t ra t~ f i ed  them In damp peat moss for 2 month5 at 46°F 
The nuts, which sprouted during stratlficatlon, were sown about 1 rnch 
deep In raised nursery beds, g e r n ~ ~ l l a t ~ o n  was about 9 5  percent 1:xcept 
for rainfall, the seedllngs were seldom watered Estlmated nursery ,eedling 
rnortallty was < 5 percent Total height of the 1-year-old nursery seedlings 
averaged 7 * 2 In and ranged between 3 In and 12  In Fol field plantlng 
we evca~ated the seedlings 111 December uslng a shovel The root rvstem 
ofmost seedlings was characterized by few lateral loots and a taproot that 
slightlv exceeded length of  the aboveground stem 

We planted the secdllngs In a large Intermountam basin with lllllv tel 
ram and deep ( > 4 0  in), well-drained so~ls  characterizeci by clay accumu 
intioil In the R hori7on The sltc sloped sl~ghtly ( 5  percent) to the south 
The {itc's overstory prlmarlly 1s composed of xerlc to subxcrlc species of 
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oak (Quercztx), i~lcluding white (nlba), scarlet (coccirtea), and black (veluti- 
nu).  Chestnut oak (Q. prinus), a typical associate of A~nerican chestnut 
in the southern Appalachians, is rare on the study site, but is common 
on nearby, Inore steeply sloping mountainsides. The midstory canopy 
includes widely scattered red maple (Acer rz.tbr~.tun), sourwood 
( Oxydendron arboreurn), and dogwood ( Cornus jlorida). Basal area of the 
overstory and midstory. averaged 110 ft2/ac and 20 ft2/ac, respectively. 
At the time of planting the sparse shrub layer was mostly tree seedlings 
and saplings (Fig. l ) ,  although ~nourltain laurel (IGzlunin Latifirliaj occa- 
sio~lally was present. A portion of this forested site was clearcut in 1997 
to salvage windthrown trees in a downburst area resulting from the rem- 
nants of Hurricane Opal on October 5, 1995; the stand on an adjacent 
part of the site was relatively uilciisturbecl. 

Two blocks, each consistiilg of three plots, were established in the study 
site. One  plot of each block was situated in the clearcut portion of the 
stand, one in the undamaged stand, and one between the clearcut and 
undamaged areas. Each plot measured 12 ft x I 8  ft and uias planted with 
2 0  seedlings (5 each in 4 rows) spaced 3 ft apart. In  late December 1998, 
we manually planted the seedlings using a planting bar with a foot-long 
blade. One  person planted all seedlings during a light rain, when air tem- 
perature was 40°F. Each seedling was planted in less than a minute, 
because the primary root was short ( < l o  in) and had few laterals. Seedlings 
with top lengths < 5 in were discarded. The small number of available 
seedlings allowed us to replicate the study in only two blocks, for a total 
of  1 2 0  seedlings. 

We studied seedling survival and height growth in response to three 

canopy densities and four cultural treatments. Thc three canopy densi- 
ties were: none (plots established in the clearcut), partial (plots placed at 
the edge between the clearcut and uncut areas), and h l l  (plots located 
in the uncut stand). Each row of five seedlings received one of four rail- 
donlly assigned cultural treatments: ( 1 )  fertilizer, ( 2 )  tree shelter, ( 3 )  fer- 
tilizer and shelter, or  (4) n o  treatment (the control). The fertilization 
treatment consisted of a commercially produced soil aincndment 
(Cromax'", hrestry cisy site formulation 17-3-5 with super-absorbent gel, 
minor elements, and biostimulants) contained in a prerneasured 0.25- 
ounce packet. We applied the fertilizer treatment in early March 1999, 
using 311 8-ii1c11 deep hole made with a planting bar about 4 in from eacll 
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seedling The opaque, corrugated w h ~ t e  plastic tree shelters measured 3 
In \, 3 In u 24  III tall and were pos~tiorled to  rest on  the ground We lnade 
n o  folio\\-up cultural treatment after plant~ng, except to replace dls- 
tr~rbcd tree shelters 

Seedlings were examlned for survival and measured for total helgllt 
~mniedratclv after plantrng, 6 months after planting, and annually each 
early October Because conventional wisdom suggests that surv~val should 
be lower among small, runty seedhngs compared to large robust seedlings, 
we used a t-test to evaluate the hypothes~s that first year sunrlval was not  
assoc~ated w ~ t h  seedl~ng slze, as q u a n ~ f i e d  by total h e ~ g h t  At five polnts 
\I  thin each plot we measured mean photosynthettcally active rad~at~oii- 
c \ p r u s d  as percent of full sunl~ght-once uslng a portable l ~ g h t  meter 
poslt~oned about two ft above ground level. 

We used a spl~t-plot design. The whole plots were a random~zed coni- 
plctc-block des1g11 w ~ t h  two blocks contallling each of the three canopy 
treatilicnts Four comblnat~ons of  fertll~zer and shelter were assigned to 

each of the s ~ x  split plots Tweilty of  the tree\ were planted In 5011 that 
later was found to be somewhat compacted by an old roadbed Because 
the survival of those trees was much lower than that of other trees in the 
study (P=0.002 by chi-square test of ~ndependence) we dropped them 
from our analysis. 

To analvze the effects of suw~val after five years, we appl~ed a m~xcd-  
model methodology uslng a bliloinlal error d ~ s t r ~ b r i t ~ o n  The model was 
fitted with Stat~st~cal  Ailalysls System (SASTM) uslng the GLIMMIX macro 
to adapt to  binomial response var~able In a mixed model wlth the restrict- 
ed maximum likelihood estlmatlon method a11d the Satterthwaite approx- 
Imatlon for degrees of freedom Wholc-plot error was used to  test 
s~gnificance of canopy and w~thln-plot  error was used to  test significance 
of  shelter, fertil~zer and any interactions Because none of  the rnteractic)ns 
was significant, the reduced model with only illail1 effects was then fit 

RI-,SIT 1,TS 
Overall seedl~ng surv~val declineci sharply dttrlrlg the first year, from 100 
percent ~mmediatelp after planting to 66 percent In October (Fig 2 )  Fli-st- 
veal sunl~val was ~ i o t  assoctated (P=O 53)  with lnitlal scedllng height, both 
live and dead secdlirlgs averaged about 7 8 111 Surv~val declined l~tt le dur- 
Ing the next 2 ycars and averaged abotrt 58 percent at  seedllng age 



Seedling age (years) 

i iqure 2 Mean (i 95 percent conf~dence ~ntewals) surv~val and he~ght  o f  Amer~can chest- 

nut seedl~ngs at plant~ng, when one-year o f  age, and per~od~cally thereafter In Bent Creek 

Expenmental Forest 

Total height of all surviving seedlings has almost doubled, from about 8 
in at planting to 14.8 in after 4 years of field growth. We took light mea- 
surements on May 30,2001; they averaged 97 percent, 45 percent, and 
10 percent under canopy treatments of none, partial, and full, respectively. 

At age 5, mean seedling survival ranged from 28 to 82 percent among 
canopy treatments (Table 1) ,  but the means were not significantly dif- 
ferent (P= 0.40). Confidence intervals for the three mean survival rates 
were large - ranging from almost 0 to 100 percent - and relatively con- 
sistent, indicating a high amount ofvariability. Arnong cultural treatments, 
survival was significantly lower (P=0.010) for seedlings receiving fertiliz- 
er (42 percent) than for those not fertilized (75 percent). However, sur- 
vival was significantly higher (P=0.025) for seedlings receiving the shelter 
treatment (74 percent) than for those not receiving shelter (44 percent). 

Overall seedling height averaged 15.7 in at age 5 and did not dif-fer 
significantly (P=0.40) among any of the canopy or cultural treatments. 
In an unplanned investigation of the cause of slow height growth and high 
inortdity of seedlings in so~ne treatments, we excavated a small (10.6 inch) 
seedling in a fill1 canopy, shelter and fertilizer treatment that had appar- 
ently died during the late summer of 2002 (Fig. 3). Examination of the 
seedling revealed that only the top was dead, the root system was alive, 
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and ~t had top-died and root-sprouted at least twice slnce planting and 
11kely would ha\e sprouted again, 111 sprlng 2003 Using a dlagnostlc tc5t, 
we found no evidence that this seedling was lnfected wlth Phytophti~ovn 
cznnnmonzi. We observed little darnage to seedlings from rodent gircllii~g, 
rabbit clipping, or deer browsing. 

nrscussIoN 
Results of our study suggest that small American chestnut seedlings can 
be successfully established III a forested environment with minlmal 
investment of time, equipment, and 110 follow-up atten- 
tlon after plannng. Although not statistically different, 1- 
average survival of seedlings planted under the full canopy I Table 1. Estimated percent survival (lower - 
(82 percent) tended to be greater than survival of seedlings I upper 95 percent confidence limits) for the 

nificnnt difference in survival alllong canopy treatments. 1 

under the partial canopy (65 percent) or no canopy (28 
percent) cond~tions We speculate that increased repllca- 
tlon of field plots would have allowed dctect~on of a slg- 

Height growth of the seedlings was slow In all of the , Surv~vala 

canOPYl fertlllzerl and shelter treatments 
years after f~eld plant~ng of 1 -yr-old Amer~can 
chestnut seedllngs In Bent Creek 
Experimental 

low soil moisture; ~ r e c i ~ i t a t i o n  was about half of normal I I 

canopy treatments. 
A lil<ely contributing factor to t11e high level of mortal- 

ity during the first growing season following planting was 

A 

from August through October. An introduced disease, fertilizer ; 74.8a (45.0 - 91.6) 
. 1 Fertilized 1 42.8b (1 7.6 - 72.5) 

Phytophthora root rot, call cause high mortality 111 I 

I 
No  canopy 27.7a (0.4 - 97.1) 
Partial canopy , 65,0a (2.5 - 99,3) 
Full canopy 1 82.5a (5.5 - 99.7) 

American chestnut (Craildall et a1 1945)) ho\vever, we N~ 4 4 . ~ ~  (1 7.9 - 74.6) 
ther obsenred symptoms of this disease in our study i 73.7b (44.0 - 90.8) 

target areas for ~nfection (1)arllet 2002) The only explana- 1 
tlon we offer for the lower survival associated wlth the fer- I 
til~zatroi~ treatlneilt is root desiccation caused by ~ncreased 
so11 ~ l t  colltent durlng the dry summer after planting, we suggest add]- 
tional study on this toplc Unlrke other areas of the eastern U S where 
Iierblvory is a problem and must be dealt wlth (Grlfin et a1 199 1, I<lingei- 
1992), we observed llttle damage from deer and none that contrihuteci 
to mort,~lity Although tree shelters increased overall survlval and could 

nor detected sporangia on the roots of a small excavated 
seecili~lg. We noted no mortality from chestnut blight, 
probably because the short seedlii~g stcrns presented small 

a ~ e a n s  in each of the :hree similar treatment 

groups followed by i h ~  same letter tio not differ sig- 

nificantlv at the 0,05 of orobabilitv, 



The above ground port ion of this 5 year old American chestnut seedlirig w a i  

dead in October ZOO2 but  riot the roots which had resprouted at ledst twice sinte plant1 

r i i l  four years earlier Now I0  6 inct-es tall the seedling had doubled in s i te  fol lowiny 

planting in the full canopy treatmerit (The vertical line a t  the sredliriy i root collar indi  

cares ground level) 

otfc , r  ~ I O I C ~ ~ I ~ I I  irom deer, \4e obssr\cd i~ t t le  hcncfir In 111s tu l i  ~ , I I I O ~ \  
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il<iei tlie i11gIie5t \lrrvi\ a1 o t  chestnut 5ceclllng5 ( 100 percent i I ill\ i o l n  
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In the no-canopy study plots; h e ~ g h t  of  the largely hard\\ooci-sprout 
stand averages about 6 ft compared to  about 1 5 fi for the ~hes t i lu t  
seedllrlgs Plantlng a larger chestnut seedllng w ~ t h  a more vigorou5 root 
Fy5tenl would have llkely allowed more successfi~l competltlon, btit \\lould 
have requlred greater effort and possibly ~ncreased the Ilkelihooti of intcc- 
tion from root dlsease (Crandall et a1 1945)  

We l u ~ o w  of n o  other study results w ~ t h  whlch to compare our find- 
lngs However, evidence suggests that Amerlcan chestnut stancis can 
"store" small resprouting seedllngs for many years beneath an o\ el stow 
untll they are released by Increased llght resulting from dlsturbaiicc 111 the 
canopy (Paillet and Rutter 1989, Palllet 1994, Blllo 1998)  The seedling 
we excavated had been arnong tile srnallest planted, orily 5-111 tall initla1 
ly, but slowly was developrng a root system In the limlted light prov~dcd 
under the fill1 forest canopy Loftis (1990) proposed a shelterwood rcgen- 
cratlon system for oak seedl~rlgs By acljustlng the mld- and over- \tory 
canopy density t o  stlrnulate continued development of unticr5tor\ 
scedllngs, such a system could be adapted to chestnut Although c did 
not deslgn our study to determine lf shaded Anier~can cheqtnut sccdl~ngs 
~vould  respond to  release, a rapld height growth response 1s Iilicl\~ jGr1ffi11 
1992, Palllet 1990, Paillet 1994, Palllet 1995) 

C O N ( ; I , t T S I  O N  
Our  ~ t u d y  clearly demonstrates that Amencan chestnut sccdl~iigs can 
be srlccessf~rlly and econo11i1cally establlshcd by planting In a forested 
e i ~ \ ~ r o r ~ m e n t  that slrnulates c o n d ~ t ~ o n s  favorable for natural regcncrd 
tlon 1 he 1 -year olcl seecillngs we used averaged only about 7 111 tall 
Raced o n  current standardc, seedlings of th15 size would llkely bc dl\ 

carded as too  small t o  just~fy plantlng It  1s llkely that seeds of blight 
resrstant Amerlcan chestnut will be ~nltially li1111ted In quailtltv and 
when well-watered and fertlllzed nursery sced l~~ lgs  ale produced, jonie 
w ~ l l  be nat~trallv srnall We sugge5t that small Arncr~caii che5tnut 
seedllngs could be used in a program of plantlng beneath an oak ianop\. ,  
such as descrlbcd 111 this strtdy We assume that hybrid Anie~~cni i  chcst- 
n u t  seedlings revstant to  the blighl~ M I I ~ ~  have s ~ i n ~ v ~ ~ l  and height gro\\th 
characteristtcs slrnilar to  the seedllngs we used A11 essential part of this 
"p~eudo-natural" regeneration system, however, would ~nclucie monl 
torlng devcloprncnt of seedllngs and t ln~elv manipulation of the 01 cr 
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story. We suggest there is a need for larger, operation-scale studies to 
confirm our results, particularly on mountainous sites better suited to 
American chestnut. 
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